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sian statistics means continuing debate. One way to re-
solve this debate is for proponents of each technique to
decide together the circumstances for use of each method
and analytic framework. If the experts do not agree on
the methodological requirements, other decision-makers
likely will force their own views, driven mainly by other
pressures like cost control.
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BACKGROUND: Health economic evaluation systemat-
ically analyzes all inputs and outputs of treatment, and
suggests the most effective alternatives for given re-
sources. Results of a cost-effectiveness analysis are sum-
marized in a series of cost-effectiveness (C/E) ratios. Little
is known about the distributions of C/E ratio estimates.
Hence, there is a lack of statistical tests for the C/E ratios.
OBJECTIVE: This study is to describe the characteristics
of C/E ratio distribution. Since the cost and effect distri-
butions frequently follow the normal, lognormal, and
gamma distributions, the ratio distributions are formed
by some combination of them. METHODS: In describing
the ratio distribution, the probability density functions
(PDF) of the ratio distributions are derived if they exist. If
the closed form of the PDF does not exist, the ratio distri-
butions are presented graphically. RESULTS: First, the
ratio distributions take on a variety of shapes depending
on the coefficient of variation of their denominator distri-
bution. Most of the time, the ratio distributions have the
bell shape with, or without, a heavy right tail. However,
the ratio distribution could even be bimodal if the coeffi-
cient of variation of denominator was very large. Second,
the correlation between numerator and denominator of
the C/E ratio significantly affects the distribution shapes
and locations. Since the numerator and denominator are
allowed to be correlated, this derived PDF is more gen-
eral and practical than the Cauchy distribution. Third,
the ratio distributions formed from the combination of
gamma and lognormal distributions are all skewed to the
right. CONCLUSIONS: The C/E ratio distributions are
not always bell shape nor symmetric. The ratio distribu-
tions take on a variety of shapes depending on the coeffi-
cient of variation of their denominator distribution and
the correlation coefficients between numerator and de-
nominators.
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BACKGROUND: Results of a cost-effectiveness analysis
are summarized in a series of cost-effectiveness (C/E) ra-
tios. As with other statistics, the C/E ratio is subject to
sampling variation. However, constructing a confidence
interval for the cost-effectiveness ratio is complicated be-
cause both numerator and denominator of the ratio are
stochastic in nature. Several statistical methods have been
proposed lately, yet, the systematic method of handling
uncertainty is generally underdeveloped in economic eval-
uation. OBJECTIVE: This study is to compare the statis-
tical methods proposed in constructing confidence inter-
vals for the various ratio distributions, for the various
correlation coefficients between numerator and denomi-
nator, for the various coefficient of variations, and the
various sample sizes. METHODS: The ratio distributions
are formed from the combinations of normal, log nor-
mal, and gamma distributions, which frequently arise in
cost-effective studies. In evaluation the performance of
statistical methods, a simulation study was conducted for
the various ratio distributions. For each sample, the con-
fidence intervals were constructed by five statistical pro-
cedures; the Box, Taylor’s, Fieller’s, bootstrap, and jack-
knife methods. RESULTS: First, since the ratio distributions
are largely dependent on the distribution of its denomina-
tor, none of the statistical tests work if the mean of de-
nominator is close to zero. Second, if the sample size is
small, none of the statistical tests perform well enough re-
gardless of correlation and coefficient of variation. Third,
for the large sample size, all methods, except the box
method, constructed the confidence interval well. Among
them, Fieller’s method is the first choice of selection for
the estimation of the confidence interval. CONCLU-
SION: None of the statistical tests work if the mean of
denominator is close to zero. This is problematic for In-
cremental Cost-effectiveness Ratio (ICER). If the “net ef-
fect” of the new procedure is insignificant, then the statis-
tical test for the ICER is not stable.
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BACKGROUND: Receiver operating characteristic (ROC)
analysis is frequently used to assess the accuracy of diag-
nostic tests. The area under an ROC curve (AUC) is in-
dicative of the extent to which a measure correctly classi-
fies true-positive and true-negative subjects. DeLong et
al. (Biometrics 1988; 44: 837–845) have proposed a
method for comparing nonparametric ROC curves de-
rived from the same set of cases. In a small study using
data from a naturalistic investigation, DeLong’s test
yielded results that were consistent with those of a likeli-
hood-ratio test for model selection developed by Vuong
